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MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance impact 
resistance of a device. 

SOLUTION: The piezoelectric/electrostrictive device 
10 comprises a pair of thin plate parts 12a, 12b 
disposed oppositely, and a fixed part 14 for supporting 
the thin plate parts 1 2a, 1 2b wherein the pair of thin 
plate parts 1 2a, 1 2b are arranged, respectively, with 
piezoelectric/electrostrictive elements 18a, 18b. 
Movable parts 20a, 20b have end faces 34a, 34b 
facing each other and air gap parts 20c, 20d are 
formed, while being filled with a filler, in a border line 
bonding the thin plate parts 12a, 12b, the fixed part 
14, and the movable parts 20a, 20b. 
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0£gp#lc&HlcB5frt-&3i:#HrtBi:&y. flWBtt© 
leLhSrEaSii:^**. H«#JSE»gP#4 0©«$ 
tt. »KSP1 2 aRZfl 2 b©SS©2 0%~9 5%£ 
L<, 4 0%~8 0%ili-^^ < >1^35{C 

[0038] zlzlx\ mmwmftjmj3mwre2b&& 
ixim^m^^mm(Dmnmtx^mv^^(Diz 

MU S3 (a) l±3S^*^RKSP(7)*S*T-^«$ 

*©?c«W3 : 5«$ti-g>„ mm<D%mjwkit--mzW} 

tz\\ mz, 03 (b) tiu 3fe^3b^lSSgP®BBaaP«t 

y *mm* T-@2fi$ *i& fcfflt-fe y . imMonmiJim 

zzttfxgZo mz. jmm&KMitRmit-t&m 
\z£*)ffimzmtomifrc><z>mmzmikT*%z>o $. 
fe> S3 (c) <D&^\zffi&ztitd®fcx-imm*ffl&. 

mrttM* fi&n^-i-mVJffiklzMtzbniite'') 

[0039] mz. *mm<z>Bmiz&z>B.m/9M7 : rt 

[0 0 4 0] pJifrgP2 0a&tf2 0b©^£»ft; 

1 8 b ©HfC8M&aP#4 0 #@«gp 14t>L< ttnTK 
952OaXtJf2Obk:^*B0ltDgS:aHRaH2aS. 50 
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£>*1 2 b<Z)JP#Ddm/2JiU:tf 

[0 0 4 1] -tLT, **1ggPl 2aM'l 2b0« 
<©EJSI (X«HTI«©ffi)ll) D a £J*ffigP 1 2 afttfl 2 
bflDffi (Y$ft^(Bl(DgElt) DbiKDJtDa/Db^O. 
5~2 0i:^S«fc^lcm-rS. HtfiatfcDa/Dbtt, 
£?*L<tel — 1 5££*U jg{C$?*b<ttl~l Oil 
2*l3o ZLOifcDa/DbCD^ffitiU nJftgP 2 0 a ft 
£>*2 0 b©^&ft£;*:£< U X-Z^®|*lT*<Z>^&£ 

[0 0 4 2] Wm&l 2 afttfl 2 b©S3 (Z 

«D?fa©8B» D e £*«tgP 1 2 a fttf 1 2 b <2>rtM 
CD^Dai:©J:bDe/DatCfeV^{i. *f*U<« 
0. 5~i0i;£*u 3S«s?*L<tt0. 5~5i:-t6 
£fcjWa*UV*. ^©irbDe/DaCD^fiti, X^- 
+)-gPM3 7jWtt£S*lfcnn&a2 0aM2 0 b©^{£ 
*«r*£<T?£, fro, Il«»|»«7 

[0043] %o-c, z&9m<Gmm\zmz>B.'m/W£ 

0. 5~2 0ilU *^0, JfcDe/DafcO. 5—10 
tC-TS3il7t>W*L<. 3£lC»*L<tiJ:bDa/Db$: 
1 — 1 OtU ^o, JtDe/DaSO. 5 — 5tCf-2> 

[0044] mz. m*.ti&G/W£rSW X101Z& 
^T«, -M<DWm.3l 2aWl2 b©Mrtffi^Bm& 
gP2 0 aft0*2 0 b&fimtX*— V-mt3 7(Dfom 

oktmmi 3 8 <d pm> t m^m 1 4 ©wm^ (c «t y 

TLgp 4 2 im&te n%>Z.ii\zt£Z>j)\ z. cojbgp 4 2 (c^f 

m&l*. »0#ftCJ:ot, -BTKlgP2 0aft 
tf20 b^em&^^JPS&^S^htC^^* 1 :, 3© 
$m0>m&X'\t, l5r»gP2 0aftt>'2 0 b^\CDS^®3 4 
aft^3 4 b©?l^C#e>i!i»b^^gP2 0 aftt>*2 
0 b ©^fi*CDi©^b%EI-5 «t e> (C LT ^5 fctb. SuffB 
^PfttCj:SnfflftgP2 O aM'2 0 b ©SEGaW&0*l« 

[0 0 4 5] BnjMB2 0a&If2 0bCD«a (Z 

ziix<^fc£pm%mk<D%*tme>nz>ft<bx& 

b^LJfc*^. RlKlgP2 0 aftt>*2 0 bCDXm 

iZlt. 12aMl2b (Dm&B d 4:<Z>JtD f / 

Dd6 2j(^±, ^*U<{i5Rhi:-r^3i:^*U 
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[0 0 4 6] zmnmrfffi*. -<mmzozxjt 

ft thx, mm&&*:%&L'rfe#><bi\2>z.tiz& 

[0047] Mmnzit, mt-immvi 2 a&tn 2 

b ©ftMRa^EEltD a 10 0/tm~2 0 00;tmtf 
ff*U<. Ii:^l<tt200Am~1 600/tmT' 10 

?*®SP 1 2 a&t>* 1 2 bCOifgD Mi, 5 0 Mm— 
2 0 00jttm^W*L/<, 5g{C^f*L<«l OO^m— 
500/t mT-feSo i*f£gP 1 2 a&tf 12b ©JP#D d 

fUT^SJcolC, *«ftggpi 2aMl2 bCDflsD b fc© 
gg^{Cfc^TDb>Ddi:$tu fro, 2^111-10 0 
<im«L<, »C#*L<W:l 0Mm~8 0MinT- 

[0 04 8] iWl2aMl2b(D^De(i 2 
00/im~3 000/ t mAW*b<, SgtC#£L<li3 20 
OOMm~2 0 0 0/tmtfe6„ "5H&BIS2 0 a&t>*2 0 
bfflfi^Dfit 50 < im~2000/ i m«*l/<. 
IC^KttlOO/im-lOOO^mT^U, ±y 
#?* L < 2 0 0 ti m~ 600^ mV&Z>o 

[0 0 4 9] ZlCDi-p^^tCf S^tlC^y, X$fl^ 
(6lCD^(C*fLTYftel6]0D^^l 0%£j@*_&^ 

£y, "»ra*SiS2 0 a&l>'2 0 bli. ^St»fCX«|*|«gi: 30 

[0 0 5 0] Z.(D|±«/ , ^7-Vt>rx 1 OlCfe^ 

W2 0b ^a^ggp 1 4 im-fiW-o>m< 

aW2 0bi: H£gp 1 4 ®fflJffii*Q*«ft S «fc e> tC-M 

<F>mma> 1 2 a &t>* 1 2 b # tsw ^nr v a« 40 
/«s^-v u x 1 0 © Ym%ft<D®m %:mmizm < -t 

[0051] gp*>. zn-ffiffi&zmm-tzEM/wm. 

f/^xiom sfigft (XZ^ffii*!) tcfeWSBBS 
g[52 0 a®:t>*2 0 b©»fp©*S:jHRWK:«*S-ti:Si 
ttfXg. tm$i>2 0a%&2 Ob ©YZ®pg<Z>tW£ 

[0 0 5 2] #(C, 3©2£«<^JBK:«&ffim/'«S'7 J 

1 0©*««aSRK:o^TSttlii-6. 

[0 0 5 3] pfK/gl52 0 a&t>*2 0 btt, .hiELikJ:? 50 
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IC, ylftggpi 2 a&tfl 2 b©Sg»|*CSo*^Tfa6-r 

saja-e&y, Bm/m&T/Uxi oammsmzi^ 

[0 0 54] @SSP14tt, ±S£Lfc<fc-MC **}ggp 1 
2 a&tfl 2 bMt>*{CoJlSSi5 2 0 a&£>*2 0 b 

KflDfidB^fCfOT-rsa^tCl*. VCM (/JU 
xzijnrt—st) tafcytftte^fc^U vVT-J** 

y, i±m/9M.7 : suxi o(D±#.-t)mfe£tiz>o * 
fc, ^©s^sp 1 4 tcii, mm/mmk?- 1 8 a &tfl 

8 b £S^t"£ 2 8&tf 3 0 COftBCOSPt* A> 

[0 0 5 5] »M)gP2 0 0 bafetMcSJggp 1 4 

[0 0 5 6] 8HS3P1 2 a^t>*l 2 bli, ±j$L£J:e> 
tC, £E«/«BR?1 8a&tfl8 bfi^E&tC,]: »J«» 
■TSa^T?**. ^«gPl 2 a&tJtl 2 bit, pfiftttS: 

«BR7-1 8aWl8 b(DW#m@.Z®m^&tLT 
ifipibT, Rffl*gP2 0aM2 0 b tC>git-r&mfg£^ 
■r*. SfeoT, ^®0P1 2 a&tfl 2 b©^^«H 

awffl^SKSr^-rsfeo-cfentiey. ^j»gP2 o aa 

t>* 2 0 b ©JESSflt. ifffi&MbtltlWtS ^ t 

[0 0 5 7] ^PtSgPl 2 a&t>*l 2 b©f*Ddlt 2 
<t m~ 1 0 0 # mggfc 1 63 b <, 5*MP1 

2 a&£>*l 2bt£Et/fSi^l 8 a&l>*l 8 b £ £ 
•£r*rt£feff 7 m m~ 5 0 0 n m i: •? 2> Z. t AW* U 
V\ ®124 > 5.t>*2 6©Jf:*«0. l/tm~50/im, 
BM/9MM2 2(Dm^-it3 tim~3 0 0/imi:t5Z: 
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[0 0 5 8] #8t9 1 2 a&tf 1 2 b 
LTJi, nJi&g|S2 0a^20 b^S^gp 1 4 £ffl«l<Z> 

•fe ^ $ >v ^ x v \ * » £#T*£, 

[0 0 5 9] KHESc3£ft^I/=i^TafetftC»5MKjtfb^ 

a, ®Kfc>f »;f^f/*, Stfb-fe'JtfA, ^fb^i/S/tf 

© i oo-fb^&^D. *fira«*ifcicj:y, fc-s^ 
it i fBH®fb^»®»56n©*«:e>'r, *ri&fl5£4M:iiB 

[0060] j&fe, ■en^nofb^ftKOSRSiaii: UT 
tiu IMb-fy KU9A-»f»BWb>fyT-;i/iff A®«^tc* 20 
oTte, 1-3 0^1/1 #*L<ttl. 5~10f;i/ 

% iWb-fe'Jf a®«^k:*oT^ 6-5 0W/O, 
»* L<«8~2 o^;i/% mtjifri/V A^>SMbv^ 

**/<?A0>«£lC&o'r& 5-4 0^1/%, 
«5~2 O^broftS^t^MtL^^ -ewifT-* 

#tcgffb-f y h U tfA&gcj^bJmi: LT/B^&r £*W 
tc0*U<tt2~4 : e;i/%4:-f*ii:««S!*bv^ * 

jmsshim<Dmm£ lxtjv<±. 

±MmVW£ £ 0 . 0 5 ~ 2 0 w t %©!6HT^iD-t-g) 30 
Zl^jbWfgT'&Stf, ffi«/«M*T-l 8 a&tfl 8 b 
UT, I^^C«fc£$Ef&-^b&$ffl-t 

s^&j±, v^*i/T, ®$£JMb%#£ 

m\m£ oxmu-t&z. t lv \, 
[0061] fcfc, tiwam^s^u&iifftm«wei 

ti-Si^tc, i/>n-T©^pt^^-7-fIS:0. 0 5- 
3 Mm, $flfeb<«0. 0 5—1 timt.irZ>Z.t.tm$. 
U\, ±j*©«fc5K:, itlggpi 2 a&tfl 2 MC 

O^Tfi, "Ift>gP2 0 a&t>*2 0 b#mc@^gp 1 4 £ 

it. !0lWK:ra-®tmSfflv^T«Wt-4-Sii:M. g^- 

gp^©n®t4, km/w&rjuxi o<msL ist© 

[0 0 6 2] 1 8 aM 18b(t >pt& 

<i:*;JE«/«Mii2 2£, W±'Sy9MM 2 2 tcm^- 
£jW££&<D-*f<Z>m*I2 4&t>*2 6 &JrtS%>©T? 
&y, n-^;i/7SS!. y^^;i/7i5!^©ffi«/«2^-7- 
£ffl^-g>ri:#T*£<S>#. flHSBPi 2 afttfi 2 b^M 

tttc^tu igifb^fijT'&Sfcit), 3©=): 50 
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ffl^AMXl OlCjgLT^&o 

[0 0 6 3] mmm/mmmi- 1 8 a&tn 8 m*, 

0 1 IC^-T ± e>{C, iUMP 1 2 aRZf 1 2 b ©fflfffitq^ 

m-zistmmi 2 a&tn 2 b%«ty*s<ws 

[0 0 64] EE«/«SIM2 2(C«, J±«-fe55^?X 

Kt^X* K5-Y^CWKS5Av K<Z>{£8ft0>«lC 
«US^2 0aiRtf2 0b©3Hifc*fc» 

[0 0 6 5] MtmteWftH LTWU i/>3>^ ^ 

^ ^*>^t'J«^A, ^^>^h'J-?AhfXV 
^, -^^B^U^A^-hU^A, #y#)vm*buy 

[0066] #(c, m^msmm^mLtmwjmz 

5 V ^ X) 12aM'12b tOSfStt^/JxS < , 

[0 0 6 7] Htc, Kf8B*mfc, 

A, xhD>f?A, =E'jyrX ^>^Xt l X AV 

9 A, -^-y, MfS, -«y^r;k v>^f>, ir'J^A. 

^jK^^A, ^DA, nyVl/N. T^^V, fit -f v 

h'J^A, ^><5f;k U^^A, tXYX, 

[0 0 6 8] mtf. i^T'feS^Vl/n^^ei:^^ 
•ymSBRXf-*?* i/Q A=.*^BMBtc, 5- > ^ >^f>^ h 
□ >^^AS^s-&szii:tc«fcy, m«l^^/±««tt 

[0 0 6 9] ^i3, 2/y*«©^^bL«Vvtj«<Z>» 

&m/wm2 2<Dm&mm^ smywmm 

[0 0 7 0] — i±m/«g^-?-l 8 aMl 8 b© 
-*f©«i2 4 25.t>'2 6tdu ^fiT@«tT?fey, ^Wtt 

7;b$-^A, ^ PA. ^ nv\';i/K — v>T 
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>, -fy^tfA, lft^©£fPtito &L<&4 

2 2&£Wi5*KgPl 2 a&tfl 2 b fcratS&SWiM 

[0 0 7 1] EEm/mS^^-1 8 a&tfl 8 blCfcttS 
ttfg2 4&tf2 6©;|#|SBi5£li, ffi«/mS®2 2©^ 
dt*j*JCtt#L/T«j£a*l6. flRBiWWlZaiff 

1 2 b_htC-*CD®S2 4 &Jf8sftLfctfe. m-HCOWM 10 

2 4±{Cj±«/tt^I2 2 &&ftic «fc 

it. — :£©«li2 4&C&4. jEEm/1t2jl2 2©!^gSS 

2>imifi$>Zt>\ ffii/tei2 2^MLfe»C, K 
EEm/«MM 2 2 ±\Zffi&t£ tl2>W\-moMl5(DmM 2 

[0 0 7 2] ti2 4M2 609lS*iH 20 

^-fffia/IS^-T-l 8 a&tfl 8 b©^fe£{rF£i± 
£H0£ #{CJE«/«SJf2 2©^S;^c 

fi^l/^-h^-xK £gl/J?*-h^-xM£©tt 

[0 0 7 3] _ki*©«T*tt. StWggpi 2 a&tfl 2 b© 
5tSSKMHc-#K:jgritS#iS»r»aiJ2 0aM*2 0bffl 
J¥*£5*MP 1 2 a&tfl 2 b©j|E*D d «fc U fcff< L 

^©f& BJS»g|J2 0 a&t>*2 0 b© 30 
ff^&ilWKgP 1 2 a&tf 1 2 b©J¥*D d mVK 
LTfeckW ~*tfC«fcy, HjgfrgP2 0 a&£>*2 0 biz® 
ftfe«yf5W6»^C Bj»»2 0a;&l/2()bWK:»f 

*ggpi 23^12 biac!)B0»cffla-r*3*:gsffl*a 

l:^iitiJ:e){Cl{y#W'g>^^A ,! ^IB^^-&o Z©* 

3 8) tMtm2 0 a&£>*2 0 btC^f-S^i:^ 

[0074] -euT, £Em/ms^A>f xion 
nmKy-*&<D&mty-y-iz#miz$mT'^ 5g®3 4 

aW3 4 b&^Uf^gpi 2 a&tfl 2 bP^CJfc'Jtt 

[0075] *58w©#* L^^mmcDmmt lt 

£ 2 —ffl 4 ©^0!liC#^ffi«/ , BaiT-VN*-Y X 1 0 {CO 
^T#£ U*ffi»i: LT3gB3 4 a&tf 3 4 b tcSstM 

^iz^\^Tm4UT$:^mLtetft>mw-fz>« tot, 

»34 a&tf 3 4 b fc^lfe&^iy^^TfcoT^* 
$§t?3l4#b&v\ 50 
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[0076] *-r, m2<Dm&m\z.&z>&.mywmrfrt 

^f^lOad BI4lC^:-rJ:e)fC, in*"PfCSWBLfc 
1 4 a&tf 1 4 b(±gtftfS«BfiJC*oTfey. ^KSPtC 

t«r»;SPSt>*@^gpt©^imT'^-r€.**f&*s:<t 
(omwmmzxm < ^ b^wic/s^m* 

^©«^2 6J4, ?*®gpi 2 a&tf 1 2 b, «JifrgP2 0 
aW2 0b, H^gp 1 4 ©#flffB5tCjW*TSlS«R k 

SftT^'Jy h 7 O&^LT^-S,, Z.©XUyh7 0 
<D : ffim/«M^l 8aMl8b 
©tJWWB 7 2 (x y >y h 7 o ©&3gHB!l3ggpfr SJggP 1 
4©^SSg*T'©SP^-) lCj3W£T^;il-#S:Sglfr£ 
it*!V*£fc, © : -#©35g-?2 8©i»»TjSI#;tf££K: 
<<1-£3.<^ <3> : 1 8aWl 8 b© 

«S8awcfcttSflE«/*£Ji2 2©T®lcm«m5:@3 

(a) ii^fej!)^SI$©+S*T*?Ba$tu P^ngp# 

nmztifo <&m»*mi8.ztix: ^mjiimMzmm 
te'p&w mz. as (b> I*. mmtmmvmn 
gp «fc y ^fflo* T-iBfis tit- t>©T'fe y . imm<DtfM±i 

J; y^«rtt&l««b^^&®flMt&l»ihT?gS. 

in 5 ( C ) it. mm&mitt&£MmK3emm&9t. 

[0 0 7 7] r^tc, ^3©^MtC^5JE«/«S^^ 
-fX 1 0 bt*. EI4T'l4SRigP©gil3^2SPgi:^oT 

^5©{c*fu M6(D^mmtmm<D^m.mzf^xu 

tt)^K©^JiT*&S„ zntcj:y, ^Kgp^pIl&gPSth* 

@^gp t ©ssi?*re$8£-f <fc y wm\z.# 

scs-frszit^T*^ $az>^^v^igj®m©**«saaR 

T'SS. ®7tt^|g®iJtC3fiBK-rS3f^»©^S: 
^LTJsy, 07 (a) }4^m#l^l^gP©*^*T3 : c 

«$tu BHPgp#jai4IBiiJc$4xT^S 0 o$mo> 

*»»*fct4ig»t4jj>3B5v^ mz. mi w it. 
y, ^mm<mmtnm^ ^m&iz, Hm^m^^<^ 



(10) 

17 

3&<mmji < -a- s 3 1 ifiv i* a. #i3 ^9Efe 

[0 0 7 8] 5S»C. H4 (D^WC^Em/«M7-Vt 

-fx i o d*. H8tc^-rj:^K:«ttRaiifcpn»a$&afa 
5£gP£ &t7$ ? *T^-flgR***©fcfira*cj»jW-* 

3 £ aw* b < , igm^Mfes v Hxmm.<&&m£ 5 

5 v # ©*g-£4re&5 3 £ b v \, 10 
[0 0 7 9] &tc, ffift/SM-r/Ux 1 0(DW£t5m 

/WxlOfciu #HI^©#J?g^S:-fe^<y^x£U 
ffit/Mf/Wxi OcD^gS^^LT, RM/Wm 
*?1 8 a&tfl 8 b&|$<£#l 6, BPt>, 
2 a5.t>*l 2 b, H^gpi 4afer>'{Cpri6g|52 0 a&t>*2 

o b(co^x(i-fe^5>vi'i''u->^- vmM&*m^ 

TiSSt-T ^> 3 i: aw* b < , BE«/«M«^ 1 8 
afttfl8b&liU«!)i:LT, #®f2 8W3 0Co 

wet*. wm>mm^mzm3k*m^TWk?z> 3 20 
[0 080] mm/mmT/ux 1 o©g£M 6tcfe^ 

[0 0 8 1] tfc UTlZ&1rW!£tm*. £m&Pf& 

fejeSRIlC, fro, f^KffiJ:<»«3 4:*«T»SS. 
[0 0 8 2] MM&lZ$g£M<DMmz&Z>J£m/W3i7 : 30 

T', %.mtfVZVT&<o M^XvWV-yis-b*: 

8 M*.imi 0#RO) i:g|*U 3©iz^5- 
->«M#:5 8 fcffifiRUT— ffrfbLfct©^^? >y * 

SWffceo («|^i i#i) fcjtuu 3©-fe^ 

&tf2 0 b, #KSP1 2aMl2 b#mc@^g|51 4 
*Wfrfb£nfc%©£-te5^y?g<*l 6 (012# 

[0 0 8 3] iOJBSjKStCfc^Ttt. BM/m 

6 0 E1/«St/U^ l 0 

[0 0 8 4] i»n - 7^©-fe^ 5 y *ft5|3C<rt 
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S^TTS-fe^ ^ >v * y U h Wm*Z„ 

[0 0 8 5] ftlC, ^M&ffl^fcfl-feftDX^l/— !f*DX 

[0 0 8 6] Zltl?j-fe5^ tritifV — yi/— h 5 OA — 
5 0D, 5 1 A&tfS 1 B, 5 2 A,ftl>*5 2 B«, 
<i:*>***ggPl 2 aMl 2 br^C^^^-Sfe* 
©5&gP 5 4 nfcWStSC (Mx.«4 #0 ©iz 5* 

y*yj->2/-h50A~5 0Dfc. ?*|gg|Sl 2 a& 
tf 1 2 b^C^&^-r-5fe*©^g|5 5 4 i:2VHC*T 
^SSgS3 4 aM3 4 b S^TtS «Jlfrg|S2 0 a&tf 

20b &j&3w-<&fc«>a>«» ioo timm®&2tit=. 

2A~1 0 2G£, ^RggPl 4 a, 14bi:^^g|51 

ooa tm%mmzfrt=.wm. (Mx. « 2 m w^s. 

V Z 7V h 5 1 A^t>' 51BL fttCffftftS 1 
2aMl2bfc^M(tt («X«2ft) (D^^y 

V >fV->is- h 5 2 A^r>*5 2B£ *m&t&. 

[0 0 8 7] -?-CD^ H 1 0 tC^-T «fc O \Z. ^Kvt 
tnj-y*>-b5 2 A&Zf 5 2Bt-1Z75 7i'^-> 
S>-S50A~50D, t7^'Vi'^V->i/-h5 1 
A~5 1 BiO'Cl 0 2A~1 0 2 G ZtftfriMi «fc o 
LT, 34xe>-fe^^«y^yy->J/-h50A~5 0 
D, 5 1 A, 5 1B, 5 2 A#X>*5 2 Bd6t>'tC 1 0 2 A 
~1 0 2GS:«)l-i±^LT, ±^S. y V ?V -yW9 

»-M0 2A~10 2 GSr+JfetCffiKS-eTflWf 
S. 3©i:^ ^gpiOO, 100a©#ffi{Cj;U> £E 

8S:««tLT-fe5$y^=Blli»6 0 (Ell 1 #M) 

[0088] mm~Mt0t-to<Dmmmft>mm 

ttPS^$n^^„ ABitciSUT, ^Jx.tm§|S5 4©^ 
[0089] ^g|5 5 4 (DlWKl*. ^Xm-X'-&^Jm 

[0 0 9 0] jBSttu m:m%.&Z.hX\ 
mt-f&Z\£T\ ■£ : ?5.v9yV-y*/-b%ffi<DmM 
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>2/-h5 2A&£>*5 2B#*i^i§£ic«u zf^^-j 
P 7 1)12*. tpV &mmz i/ V n - >^(D^S^J & n - 
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CLAIMS 



[Claim(s)] 

[Claim 1] The sheet metal section of a pair which carries out phase opposite, and a fixed part which supports 
these sheet metal section are provided. It has moving part in a part for a point of the sheet metal section of 
said pair. Inside of the sheet metal section of said pair, The piezo-electricity / electrostriction device which is 
the piezo-electricity / electrostriction device with which one or more piezo-electricity / electrostriction elements 
have been arranged at at least one sheet metal section, and is characterized by arranging packing at least in 
said sheet metal section and moving part, or the opening section between said sheet metal sections and fixed 
parts. 

[Claim 2] The piezo-electricity / electrostriction device with which packing according to claim 1 is characterized 
by having an adhesion operation in a field of said sheet metal section and said moving part, or said sheet 
metal section and said fixed part. 

[Claim 3] The piezo-electricity / electrostriction device with which packing according to claim 1 or 2 is 
characterized by having a property of viscoelasticity. 

[Claim 4] A manufacture method of piezo-electricity / electrostriction device that provide the sheet metal 
section of a pair which carries out phase opposite characterized by providing the following, and a fixed part 
which supports these sheet metal section, have moving part in a part for a point of the sheet metal section of 
said pair, and one or more piezo-electricity / electrostriction elements have been arranged among the sheet 
metal sections of said pair at at least one sheet metal section A forming cycle for which the 1st ceramic green 
sheet used as said sheet metal section, the 2nd ceramic green sheet which has the 1st window part, and the 
3rd ceramic green sheet which has a window part smaller than said 1st window part are prepared A 
production process which sandwiches the 2nd ceramic green sheet between the 1st and 3rd ceramic green 
sheets at least, and produces a layered product of two or more ceramic green sheets 
[Claim 5] A manufacture method of piezo-electricity / electrostriction device that provide the sheet metal 
section of a pair which carries out phase opposite characterized by providing the following, and a fixed part 
which supports these sheet metal section, have moving part in a part for a point of the sheet metal section of 
said pair, and one or more piezo-electricity / electrostriction elements have been arranged among the sheet 
metal sections of said pair at at least one sheet metal section A forming cycle for which the 1st ceramic green 
sheet used as said sheet metal section and the 2nd ceramic green sheet which has a window part are 
prepared Between the 1st ceramic green sheet and the 2nd ceramic green sheet, it is a refractory metal. 
[Claim 6] The piezo-electricity / electrostriction device with which a sheet containing a refractory metal 
according to claim 5 is characterized by being formed by the printing fabricating method. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] About piezo-electricity / electrostriction device equipped with 
the moving part which operates based on displacement actuation of piezo-electricity / electrostriction element 
or the piezo-electricity / electrostriction device which can detect the displacement of moving part by piezo- 
electricity / electrostriction element, and its manufacture method, in detail, this invention is excellent in 
reinforcement, shock resistance, and moisture resistance, and relates to the piezo-electricity / electrostriction 
device which can operate moving part greatly efficiently, and its manufacture method. 
[0002] 

[Description of the Prior Art] Recently, in fields, such as optics, and magnetic recording, precision processing, 
the displacement element which can adjust the optical path length and a location is needed to submicron 
order, and development of the displacement element using the displacement by the inverse piezoelectric 
effect and electrostrictive effect which are caused when voltage is impressed to piezo-electricity / 
electrostriction materials (for example, ferroelectric etc.) is furthered. 

[0003] Conventionally, as such a displacement element, by preparing a pore for the material which consists of 
piezo-electricity / an electrostriction material, for example like JP,10-136665,A in a plate, a fixed part, moving 
part, and the beam section that supports these are formed in one, and the electrostrictive actuator which 
prepared the electrode layer in the beam section is indicated further, if voltage is impressed to an electrode 
layer, since the beam section expands and contracts according to an inverse piezoelectric effect or an 
electrostrictive effect in this electrostrictive actuator in the direction which connects a fixed part and moving 
part - moving part - the inside of the field of a plate - setting - an arc -- it is possible displacement or to 
carry out rotation displacement. 

[0004] Moreover, the technology of performing highly precise positioning at a high speed is indicated, and the 
structure used making the bimorph of two sheets counter is shown to this official report (especially drawing 4) 
by by dividing the electrode of that bimorph, preparing, and choosing and driving the divided electrode about 
the actuator which used bimorph for JP.63-64640.A. 
[0005] 

[Problem(s) to be Solved by the Invention] However, since the actuator of these former constituted all portions 
with the brittle and comparatively heavy material, its mechanical strength was low and it had the trouble of 
being inferior to handling nature and shock resistance. Moreover, when improving the mechanical strength of 
these actuators, raising the reinforcement of the portion which is easy to vibrate is performed from the former. 
And in order to attain this, the direction which raises the rigidity of the oscillating section will be improved, 
basic properties, such as the resonance characteristic of the actuator itself and displacement, were affected, 
and there was a trouble that the adjustment became difficult. 
[0006] 
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[Means for Solving the Problem] Based on improving the shock resistance of a force sensor indicated to 
Japanese Patent Application No. No. 1 14669 [ 1 1 to ] for which this invention person applied previously, 
Japanese Patent Application No. No. 259006 [ 1 1 to ], and Japanese Patent Application No. No. 259007 [ 1 1 
to ], it hits on an idea of this invention. Furthermore, it attains against the background of becoming easy to 
absorb an external impact which joins an operation object to a rill formed in an inferior surface of tongue of a 
bridge abutment, having it in it by arranging a viscoelastic body, about a force sensor using a piezo electric 
crystal indicated to the U.S. application 09/No ; 501 162, and being able to improve the shock resistance of a 
diaphragm. 

[0007] Then, invention which relates to claim 1 in order to raise shock resistance, making small effect of a 
basic property on the device itself The sheet metal section of a pair which carries out phase opposite, and a 
fixed part which supports these sheet metal section are provided. It has moving part in a part for a point of the 
sheet metal section of said pair. Inside of the sheet metal section of said pair, It is the piezo-electricity / 
electrostriction device with which one or more piezo-electricity / electrostriction elements have been arranged 
at at least one sheet metal section, and they are the piezo-electricity / electrostriction device characterized by 
arranging packing at least in said sheet metal section and moving part, or the opening section between said 
sheet metal sections and fixed parts. Even if the sheet metal section started big displacement by big external 
impact by this, stress produced near the boundary line which the sheet metal section, moving part or the 
sheet metal section, and a fixed part joined was distributed by packing of the opening section, conventionally, 
failure generated by stress concentration was lost and the shock resistance of the sheet metal section 
improved. Here, piezo-electricity / electrostriction device is concepts which include an element which changes 
electric energy and mechanical energy mutually by piezo-electricity / electrostriction element. Therefore, it is 
used most suitably as active elements, such as various actuators and vibrator, and a displacement element 
which used displacement by the reverse voltage effect or electrostrictive effect especially, and also may be 
suitably used as passive elements, such as an acceleration-sensor element and an impact sensor element. 
[0008] Moreover, a material of packing is good with mixture of organic resin, such as adhesives, glass, 
organic resin, mixture of ceramics, a metal and a metal, and ceramics etc. Moreover, it may be porosity or 
may be the substantia compacta, as for packing, having porosity-ized is so desirable that packing is hard, and 
it is so desirable that whenever [ flexible ] is high to carry out eburnation. Moreover, as for a packing layer, it is 
desirable to have pasted up with the sheet metal section, moving part, and a fixed part, and to have spring 
nature or flexibility in itself. Furthermore, as for packing, it is desirable that it is a viscoelastic body, and it is 
because an external impact is effectively absorbed with a property of viscoelasticity. An inside of a moving 
part or a fixed part to which a configuration of the opening section which arranges packing counters the sheet 
metal section besides the Nogata configuration may be stair-like or a letter of an inclination. When carrying 
out the laminating of the device with a green sheet and manufacturing it, the opening section may be formed 
by monolayer or multilayer whichever. 0.01 -0.3mm and the gap depth are set [ magnitude in a case of 
constituting at intervals of a monolayer ] to 0.03-1 mm for gap thickness, as for / (gap depth), ten or less [ 0.01 
or more ] are desirable, and three or less [ further 0.1 or more ] are still (gap thickness) more suitable for it. On 
the other hand, in a multilayer case, it is desirable to raise thickness of a gap according to a longitudinal 
direction of the sheet metal section. Gap thickness of the opening section may not point out the length of the 
minimum section of a gap, it is not necessary to be necessarily a uniform gap over the whole surface here, 
and a gap of the entrance section or a pars basilaris ossis occipitalis may be large. 

[0009] Moreover, a manufacture method of the above-mentioned device possesses the sheet metal section of 
a pair which carries out phase opposite, and a fixed part which supports these sheet metal section. It is the 
manufacture method of piezo-electricity / electrostriction device that have moving part in a part for a point of 
the sheet metal section of said pair, and one or more piezo-electricity / electrostriction elements have been 
arranged among the sheet metal sections of said pair at at least one sheet metal section. A forming cycle for 
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which the 1st ceramic green sheet used as said sheet metal section, the 2nd ceramic green sheet which has 
the 1st window part, and the 3rd ceramic green sheet which has a window part smaller than said 1st window 
part are prepared, A manufacture method of of the piezo-electricity / electrostriction device characterized by 
inserting the 2nd ceramic green sheet between the 1st and 3rd ceramic green sheets at least, and including a 
production process which produces a layered product of two or more ceramic green sheets is desirable. 
Moreover, the sheet metal section of a pair which carries out phase opposite, and a fixed part which supports 
these sheet metal section are provided. It is the manufacture method of piezo-electricity / electrostriction 
device that have moving part in a part for a point of the sheet metal section of said pair, and one or more 
piezo-electricity / electrostriction elements have been arranged among the sheet metal sections of said pair at 
at least one sheet metal section. Between a forming cycle for which the 1st ceramic green sheet used as said 
sheet metal section and the 2nd ceramic green sheet which has a window part are prepared, the 1st ceramic 
green sheet, and the 2nd ceramic green sheet A manufacture method of of the piezo-electricity / 
electrostriction device characterized by including a production process which carries out a laminating on both 
sides of a sheet containing a refractory metal is also desirable. Furthermore, it is desirable that a sheet 
containing said refractory metal is formed by the printing fabricating method. 
[0010] 

[Embodiment of the Invention] The gestalt which carries out the piezo-electricity / electrostriction device 
concerning this invention hereafter is explained to details. Drawing 1 is the perspective diagram of piezo- 
electricity / electrostriction device 10. Piezo-electricity / electrostriction device 10 possesses the base 16 with 
which the fixed part 14 which supports the sheet metal sections 12a and 12b of the pair which carries out 
phase opposite was formed in one, and piezo-electricity / electrostriction elements 18a and 18b are formed, 
and it is constituted by the one section each of the sheet metal sections 12a and 12b of a pair, respectively. 
And it has the configuration which the sheet metal sections 12a and 12b of a pair displace this piezo- 
electricity / electrostriction device 10 by the drive of said piezo-electricity / electrostriction element 18a, and/or 
18b, or detects the displacement of the sheet metal sections 12a and 12b by piezo-electricity / electrostriction 
element 18a, and/or 18b. Moreover, a part for each point will be made thick toward the inner direction, and the 
sheet metal sections 12a and 12b of a pair will function as moving part 20a and 20b which displaces this thick 
section with displacement actuation of the sheet metal sections 12a and 12b. Hereafter, a part for the point of 
the sheet metal sections 12a and 12b of a pair is described as moving part 20a and 20b. 
[0011] Along with the longitudinal direction of the sheet metal sections 12a and 12b, the opening sections 20c 
and 20d are formed in the boundary section which joined a part for a point and moving part 20a and 20b of 
the sheet metal sections 12a and 12b, and packing is prepared in the opening section. Similarly along with the 
longitudinal direction of the sheet metal sections 12a and 12b, the opening sections 14a and 14b are formed 
in the boundary section which joined the end face portion and fixed part 14 of the sheet metal sections 12a 
and 12b, and packing is prepared in these opening sections. 

[0012] In addition, about said base 16, although the whole was constituted using the ceramics, it is good also 
as hybrid construction which combined what was manufactured with the material of others, the ceramics, and 
a metal. 

[0013] Moreover, as for a base 16, it is desirable to constitute a base 16 from a ceramic layered product which 
could adopt the configuration of the metal integral construction unified by the structure of coming to paste up 
each part with adhesives, such as organic resin and glass, the ceramic integral construction which comes to 
unify a ceramic green layered product by baking, low attachment, soldering, eutectic bonding, or welding, and 
unified the ceramic green layered product by baking preferably. 

[0014] Among these, since a change of state with time hardly arises from not being placed between the joints 
of each part by adhesives, the unification object of the ceramics can be easily manufactured with the ceramic 
green sheet laminated layers method which the reliability like a joint mentions later in addition to being high 
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and structure advantageous to rigid reservation. 

[0015] And piezo-electricity / electrostriction elements 18a and 18b will prepare piezo-electricity / 
electrostriction elements 18a and 18b as an exception object as below-mentioned, and will be stuck on a base 
16 by adhesives, such as organic resin and glass, low attachment, soldering, eutectic bonding, etc., and also 
they will be formed in said the direct base 16 instead of attachment by using the film forming method. 
[0016] Piezo-electricity / electrostriction elements 18a and 18b have piezo-electricity / electrostriction layer 22, 
and the electrodes 24 and 26 of the pair formed in the both sides of this piezo-electricity / electrostriction layer 
22, and are constituted, and one electrode 24 is formed in the sheet metal sections 12a and 12b of a pair at 
least among the electrodes 24 and 26 of this pair. 

[0017] With the gestalt of this operation, the electrodes 24 and 26 of a pair are made into multilayer structure 
at piezo-electricity / electrostriction layer 22 list, respectively. Although the case where it considers as the 
piezo-electricity / electrostriction elements 18a and 18b which carry out the laminating of one electrode 24 and 
the electrode 26 of another side alternately, respectively so that it may become cross-section **** ctenidium- 
like and by which the portion to which one [ these ] electrode 24 and the electrode 26 of another side lap on 
both sides of piezo-electricity / electrostriction layer 22 in between was considered as the multistage 
configuration is explained to a subject You may be not only multilayer structure but monolayer structure. In 
this case, although especially a multilayer number is not limited, ten or less layers are five or less layers 
desirable still more preferably. Furthermore, it is also possible to carry out to either piezo-electricity / 
electrostriction element 18a or 18b, and many numbers may be changed. 

[0018] Drawing 1 shows the example which made piezo-electricity / electrostriction layer 22 the three-tiered 
structure, formed in the shape of a ctenidium so that one electrode 24 might be located in the inferior surface 
of tongue (side of the sheet metal sections 12a and 12b) of the 1st layer, and the upper surface of a two-layer 
eye, and was formed in the shape of a ctenidium so that the electrode 26 of another side might be located in 
the upper surface of the 1st layer, and the upper surface of the 3rd layer. Since the number of terminals 28 
and 30 can be reduced in one electrode 24 list by carrying out the bond communalization of the electrode 26 
comrades of another side, respectively in this configuration, enlargement of the size accompanying 
multilayering of piezo-electricity / electrostriction elements 18a and 18b can be suppressed. 
[0019] In addition, impression of the voltage to the electrodes 24 and 26 of a pair is performed through the 
terminals (pad) 28 and 30 formed on the both-sides side (element forming face) of a fixed part 14 among each 
electrodes 24 and 26, respectively. The terminal 28 corresponding to one electrode 24 in the location of each 
terminals 28 and 30 is formed in the back end approach of a fixed part 14, and the terminal 30 corresponding 
to the electrode 26 of another side by the side of outer space is formed in the wall approach of a fixed part 14. 

[0020] In this case, immobilization of piezo-electricity / electrostriction device 10 can be separately performed 
using a field other than the field where terminals 28 and 30 have been arranged, respectively, and high 
reliability can be acquired as a result to the both sides of immobilization of piezo-electricity / electrostriction 
device 10, and the electrical installation between a circuit, a terminal 28, and 30. In this configuration, 
electrical installation of terminals 28 and 30 and a circuit is performed by a flexible printed circuit (called FPC), 
a flexible flat cable (called FFC), wirebonding, etc. 

[0021] Thus, while the driving force of the actuator sections 19a and 19b increases and has and about is 
planned very much by using the piezo-electricity / electrostriction elements 18a and 18b of multilayer 
structure, high resonance frequency-ization is attained and improvement in the speed of displacement 
actuation can attain easily because the rigidity of piezo-electricity / electrostriction device 10 the very thing 
increases. 

[0022] In addition, what is necessary is just to decide a number of stages etc. suitably according to a use and 
a busy condition, in carrying out in order for power consumption to also increase in connection with it although 
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increase of the driving force of the actuator sections 19a and 19b is achieved if a number of stages is made 
[ many ]. moreover, in the piezo-electricity / electrostriction device 10 concerning the gestalt of this operation 
Even if it raises the driving force of the actuator sections 19a and 19b by using piezo-electricity / 
electrostriction elements 18a and 18b, fundamentally Since the width of face (distance of Y shaft orientations) 
of the sheet metal sections 12a and 12b is eternal, For example, when applying to actuators, such as 
positioning of the magnetic head for hard disks used in a very narrow gap, and ringing control, it becomes a 
very desirable device. 

[0023] Next, drawing 2 explains actuation of piezo-electricity / electrostriction device 10. first, piezo-electricity / 
two electrostriction element 18a - reaching - 18b - the natural condition 18a and 18b, i.e., piezo-electricity / 
electrostriction elements, - both - displacement - the case where it is not operating - the major axis m of 
piezo-electricity / electrostriction device 10, and the medial axis of a fixed part 14 - about - I am doing one. 
[0024] From this condition, the sine wave Wa which has the predetermined bias potential Vb is applied to the 
electrodes 24 and 26 of the pair in one piezo-electricity / electrostriction element 18a, and the sine wave Wb 
from which about about 180 degrees of phases differ is applied to the electrodes 24 and 26 of the pair in the 
piezo-electricity / electrostriction element 18b of another side in said sine wave Wa. 

[0025] And in the phase where the voltage of maximum was impressed as opposed to the electrodes 24 and 
26 of the pair in one piezo-electricity / electrostriction element 18a, the piezo-electricity / electrostriction layer 
22 in one piezo-electricity / electrostriction element 18a carry out contraction displacement in the direction of a 
principal plane. By this, as shown in drawing 2 , as shown in an arrow head A, to one sheet metal section 12a 
This sheet metal section 12a since the stress of the direction sagged rightward occurs, for example, one 
[ this ] sheet metal section 12a It bends rightward, and since it will be in the condition that voltage is not 
impressed to the electrodes 24 and 26 of the pair in the piezo-electricity / electrostriction element 18b of 
another side, at this time, sheet metal section 12b of another side follows bending of one sheet metal section 
12a, and bends rightward. Consequently, a spacing member 37 is displaced rightward as opposed to the 
major axis m of piezo-electricity / electrostriction device 10b in moving-part 20a and 20b list. In addition, the 
amount of displacement also becomes large, so that the amount of displacement changes according to the 
maximum of the voltage impressed to each piezo-electricity / electrostriction elements 18a and 18b, for 
example, maximum becomes large. 

[0026] When the piezo-electricity / electrostriction material which has a high coercive electric field as a 
component of piezo-electricity / electrostriction layer 22 especially are applied, you may make it adjust said 
bias potential so that the level of the minimum value of above-mentioned sine wave Wa-Wb may turn into 
negative level slightly. In this case, the stress of the same direction occurs with the bending direction of one 
sheet metal section 12a in sheet metal section 12b of another side, and the drive of the piezo-electricity / 
electrostriction element (for example, piezo-electricity / electrostriction element 18b of another side) to which 
this negative level is impressed enables it to enlarge the amount of displacement of a spacing member 37 
more at moving-part 20a and 20b list. That is, the piezo-electricity / electrostriction element 18b, or 18a to 
which negative level is impressed can give the function to consider as a support the piezo-electricity / 
electrostriction element 18a, or 18b which is the subject of displacement actuation, by using a wave which 
was mentioned above. 

[0027] Thus, it sets to the piezo-electricity / electrostriction device 10 concerning the gestalt of this operation. 
In order for displacement with minute piezo-electricity / electrostriction elements 18a and 18b to be amplified 
by big displacement actuation using bending of the sheet metal sections 12a and 12b and to transmit to 
moving part 20a and 20b, It becomes possible to carry out displacement of the moving part 20a and 20b 
greatly to the major axis m of piezo-electricity / electrostriction device 10b. 

[0028] The clamp faces 34a and 34b which counter mutually are established in moving part 20a and 20b, and 
he sets up the distance Lc between clamp-face 34a and 34b by about 1 .5 times the length Df of moving part 
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20a and 20b, and is trying to paste up one big spacing member 37 between clamp-face 34a and 34b through 
adhesives 38 with the gestalt of this operation especially. By in this case, the thing made for the spacing 
member 37 lighter than the configuration member of moving part 20a and 20b among said clamp faces 34a 
and 34b which counter mutually in making into an opening between the clamp faces 34a and 34b which 
counter mutually to intervene It becomes possible to raise resonance frequency, without being able to attain 
effectively lightweight-ization of moving part 20a and 20b, and reducing the amount of displacement of moving 
part 20a and 20b. 

[0029] Here, frequency switches in alternation the voltage impressed to the electrodes 24 and 26 of a pair, 
and shows the frequency of the voltage waveform when carrying out displacement of the moving part 20a and 
20b to right and left, and resonance frequency shows the maximum frequency which displacement actuation 
of moving part 20a and 20b can follow by the predetermined oscillation mode. 

[0030] Moreover, it sets to the piezo-electricity / electrostriction device 10 concerning the gestalt of this 
operation. Since the fixed part 14 is united with moving part 20a and 20b, sheet metal section 12a, and 12b 
list and the piezo-electricity / electrostriction material which is a brittle and comparatively heavy material do 
not need to constitute all portions, A mechanical strength is high, is excellent in handling nature, shock 
resistance, and moisture resistance, and has on actuation the advantage of being hard to be influenced of a 
harmful vibration (for example, residual vibration and noise vibration at the time of a fast operation). 
[0031] Furthermore, in the gestalt of this operation, when between the clamp faces 34a and 34b which 
counter mutually is made into an opening, moving-part 20a containing one clamp-face 34a and moving-part 
20b containing clamp-face 34b of another side become easy to bend, and it becomes strong to deformation. 
Therefore, it will excel in the handling nature of piezo-electricity / electrostriction device 10. 
[0032] Moreover, the surface area of moving part 20a and 20b becomes large by existence of said clamp 
faces 34a and 34b which counter mutually. Therefore, when attaching other components in moving part 20a 
and 20b, the large clamp-face product can be taken and the attachment nature of components can be raised. 
Here, goods will paste up components not only through the principal plane (a front face and/or back) of 
moving part 20a and 20b but through the clamp faces 34a and 34b which counter mutually, considering the 
case where it fixes with adhesives etc., and components can be fixed certainly. 

[0033] In the gestalt of this operation piezo-electricity / electrostriction elements 18a and 18b Moreover, piezo- 
electricity / electrostriction layer 22, Since the electrodes 24 and 26 of the pair formed in the both sides of this 
piezo-electricity / electrostriction layer 22 are had and constituted and one electrode 24 was directly formed in 
the side of the sheet metal sections 12a and 12b at least among the electrodes 24 and 26 of a pair Vibration 
by piezo-electricity / electrostriction elements 18a and 18b can be efficiently transmitted to moving part 20a 
and 20b through the sheet metal sections 12a and 12b, and improvement in responsibility can be aimed at. 
[0034] Moreover, he is trying to form continuously from a part of fixed part 14 in the gestalt of this operation, 
applying [ to which the electrodes 24 and 26 of a pair lap on both sides of piezo-electricity / electrostriction 
layer 22 in between ] it to a part of sheet metal sections 12a and 12b (a part for the substantial mechanical 
component 40), as shown, for example in drawing 1 . Although there is a possibility that deformation for said 
substantial mechanical component [ 40 ] and deformation of the sheet metal sections 12a and 12b may 
conflict, and it may become impossible for displacement actuation of moving part 20a and 20b to obtain big 
displacement when it forms in some moving part 20a and 20b further, having applied a part for the substantial 
mechanical component 40 Since it forms with the gestalt of this operation so that a part for said substantial 
mechanical component 40 may not be applied to both moving part 20a and 20b and the fixed part 14, Un- 
arranging [ that displacement actuation of moving part 20a and 20b is restricted ] is avoided, and the amount 
of displacement of moving part 20a and 20b can be enlarged. 

[0035] On the contrary, when forming piezo-electricity / electrostriction elements 18a and 18b in some moving 
part 20a and 20b, it is desirable to form so that the amount of [ 40 ] said substantial mechanical component 
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may make it applied and located in a part of sheet metal sections 12a and 12b from some moving part 20a 
and 20b. This is because displacement actuation of moving part 20a and 20b will be restricted as mentioned 
above if a part for the substantial mechanical component 40 is formed over a part of fixed part 14. 
[0036] Although the above-mentioned example showed the example which established clamp faces 34a and 
34b in moving part 20a and 20b, and pasted up the spacing member 37 between them, you may make it form 
end faces 34a and 34b in a fixed part 14. The moving part 20a and 20b established in a part for the point of 
the sheet metal sections 12a and 12b of a pair in this case has the configuration connected with one, and the 
end faces 34a and 34b which counter a fixed part 14 mutually will be formed. 

[0037] This is enabled to fix firmly piezo-electricity / electrostriction device 10c to the moving part 20a and 20b 
which mentioned above at a predetermined fixed portion in addition to the effect in the case of having the 
clamp faces 34a and 34b which counter mutually, and improvement in reliability can be aimed at. As for the 
length for the substantial mechanical component 40, it is desirable to carry out to 20% - 95% of the length of 
the sheet metal sections 12a and 12b, and it is still more desirable to consider as 40% - 80%. 
[0038] Here, the configuration of packing in case the configuration of the opening section is the Nogata 
configuration has an operation gestalt like drawing 3 . To the ability to be filled up to opening of the opening 
section of a rectangular parallelepiped configuration, it fills up with packing till the middle of the opening 
section, as for near opening, it is opened wide, and, as for drawing 3 (a), packing of the specified quantity is 
filled up with drawing 1 into the opening section. It is effective in arranging the end-face configuration of 
packing uniformly. In addition, even if the cavernous section with which packing is not filled up into the pars 
basilaris ossis occipitalis of the opening section is formed, stress dispersion force has little effect. On the 
contrary, packing is arranged to an outside [ opening / of the opening section ], and when the adhesion force 
of packing is weak, drawing 3 (b) can enlarge adhesion area and can enlarge the whole adhesion force. By 
considering as R configuration, especially the external surface of packing raises fixable and can prevent the 
exfoliation from an edge. Moreover, packing may be arranged in the configuration fabricated like drawing 3 
(c). In this case, in addition to the physical properties of packing, the configuration of the corner between the 
sheet metal section, a fixed part, or moving part becomes a configuration with a stage, and the thing which is 
similar to the corner picking structure of a corner if it puts in another way, a size effect is added, and there is 
an effect which the stress concentration in root Motobe, the sheet metal section, can reduce more. 
[0039] Next, the desirable example of a configuration of the piezo-electricity / electrostriction device 10 
concerning the gestalt of this operation is explained. 

[0040] First, in order to make displacement actuation of moving part 20a and 20b into a positive thing, it is 
desirable to make or more [ of the thickness Dd of the sheet metal sections 12a and 12b ] into 1/2 distance Dg 
the amount of [ of piezo-electricity / electrostriction elements 18a and 18b / 40 ] substantial mechanical 
component starts a fixed part 14 or moving part 20a and 20b. 

[0041] and the ratio of the distance Da between the walls of the sheet metal sections 12a and 12b (distance of 
X shaft orientations), and the width of face (distance of Y shaft orientations) Db of the sheet metal sections 
12a and 12b - it constitutes so that Da/Db may be set to 0.5-20. Aforementioned ratio Da/Db is preferably set 
to 1-15, and is set to 1-10 still more preferably, this ratio - the default value of Da/Db - the displacement of 
moving part 20a and 20b - it is the convention based on discovery of an amount being enlarged and being 
able to obtain the displacement in a X-Z plane dominantly. N 
[0042] on the other hand - the ratio of the length (distance of Z shaft orientations) De of the sheet metal 
sections 12a and 12b, and the distance Da between the walls of the sheet metal sections 12a and 12b - in 
De/Da, it is desirable for it to be preferably referred to as 0.5-10, and to be referred to as 0.5-5 still more 
preferably, this ratio - the displacement of the moving part 20a and 20b between which, as for the default 
value of De/Da, it was placed by the spacing member 37 - resonance frequency high [ that an amount can be 
enlarged ] - displacement - it can operate - ** (a high speed of response can be attained) - it is the 
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convention based on the discovery to say. 

[0043] therefore, the piezo-electricity / electrostriction device 10 concerning the gestalt of this operation - the 
influence by Y shaft orientations - displacement - Or in order to consider as the structure of controlling 
vibration, and excelling in high-speed responsibility, and having big displacement by the low battery relatively 
a ratio - Da/Db - 0.5-20 - carrying out - and a ratio - setting De/Da to 0.5-10 - desirable - further - 
desirable - a ratio - Da/Db - 1-10 - carrying out - and a ratio - it is setting De/Da to 0.5-5. 
[0044] Furthermore, it is desirable to fill up this pore 42, for example, although a pore 42 will be formed in 
piezo-electricity / electrostriction device 10 with both the walls of the sheet metal sections 12a and 12b of a 
pair, the wall of moving part 20a and 20b, the wall (and wall of adhesives 38) of a spacing member 37, and 
the wall of a fixed part 14, gel material, for example, silicon gel. Usually, although displacement actuation of 
moving part 20a and 20b will receive a limit by existence of a filler Since he is trying to attain lightweight-izing 
and increase-izing of the amount of displacement of moving part 20a and 20b accompanying the formation of 
end faces 34a and 34b to moving part 20a and 20b with the gestalt of this operation, A limit of displacement 
actuation of the moving part 20a and 20b by said filler is negated, and the effect by existence of a filler, i.e., a 
raise in resonance frequency, and rigid reservation can be realized. 

[0045] Moreover, the short thing of the length (distance of Z shaft orientations) Df of moving part 20a and 20b 
is desirable. It is because increase of lightweight-izing and resonance frequency is achieved by shortening. 
Furthermore, displacement can be raised in case goods are pinched, however - in order to secure the rigidity 
of X shaft orientations of moving part 20a and 20b and to make the displacement into a positive thing - a ratio 
with the thickness Dd of the sheet metal sections 12a and 12b - it is desirable to make Df/Dd or more into five 
preferably two or more. 

[0046] In addition, the actual size of each part will be set to the reinforcement of the plane-of-composition 
product [ for installation ], and piezo-electricity / electrostriction devices, such as plane-of-composition product 
[ for attaching the plane-of-composition product for installation of the components to moving part 20a and 20b 
and a fixed part 14 in other members ], and terminal for electrodes, 10 whole, durability, and the required 
amount list of displacement in consideration of resonance frequency, driver voltage, etc. 
[0047] 100 micrometers - 2000 micrometers are specifically desirable still more desirable, and the distance Da 
between the walls of the sheet metal sections 12a and 12b is 200 micrometers - 1600 micrometers. 50 
micrometers - 2000 micrometers are desirable still more desirable, and the width of face Db of the sheet metal 
sections 12a and 12b is 100 micrometers - 500 micrometers, the thickness Dd of the sheet metal sections 12a 
and 12b - the displacement to Y shaft orientations - the influence which is a component - in relation with the 
width of face Db of the sheet metal sections 12a and 12b, it considers as Db>Dd and 2 micrometers - 100 
micrometers are 10 micrometers - 80 micrometers desirable still more preferably so that displacement can 
control effectively. 

[0048] 200 micrometers - 3000 micrometers are desirable still more desirable, and the length De of the sheet 
metal sections 12a and 12b is 300 micrometers - 2000 micrometers. 50 micrometers - 2000 micrometers are 
100 micrometers - 1000 micrometers desirable still more preferably, and the length Df of moving part 20a and 
20b is 200 micrometers - 600 micrometers more preferably. 

[0049] Although the displacement of Y shaft orientations does not exceed 10% to the displacement of X shaft 
orientations by making it such a configuration, the extremely excellent effect that a low-battery drive is 
possible by adjusting suitably in the above-mentioned rate of a proportion and the range of an actual size, and 
the displacement component to Y shaft orientations can be controlled to 5% or less is shown. That is, moving 
part 20a and 20b will displace to 1 shaft orientations of X shaft orientations substantially, moreover, is 
excellent in high-speed responsibility, and can get big displacement by the low battery relatively. 
[0050] Moreover, it sets to this piezo-electricity / electrostriction device 10. tabular [ the tabular configuration 
of a device is / like before ] (displacement - the thickness of the direction which intersects perpendicularly 
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with a direction is small) - not but Moving part 20a and 20b and a fixed part 14 are presenting the 
configuration (the thickness of the direction which intersects perpendicularly in the displacement direction is 
large) of a rectangular parallelepiped. Since the sheet metal sections 12a and 12b of a pair are formed so that 
the side of moving part 20a and 20b and a fixed part 14 may continue, rigidity of Y shaft orientations of piezo- 
electricity / electrostriction device 10 can be alternatively made high. 

[0051] That is, in the piezo-electricity / electrostriction device 10 which adopts this size configuration, only 
actuation of the moving part 20a and 20b within a plane (inside of XZ plane) can be generated alternatively, 
and the actuation within YZ side of moving part 20a and 20b (the so-called actuation of the influence 
direction) can be controlled. 

[0052] Next, each component of the piezo-electricity / electrostriction device 1 0 concerning the gestalt of this 
operation is explained. 

[0053] As moving part 20a and 20b mentioned above, it is the portion which operates based on the amount of 
drives of the sheet metal sections 12a and 12b, and various members are attached according to the purpose 
of using piezo-electricity / electrostriction device 10. For example, if it is the case where piezo-electricity / 
electrostriction device 10 is used as a displacement element, the shield of an optical shutter etc. will be 
attached, and if it is especially used for positioning and the ringing inhibition mechanism of the magnetic head 
of a hard disk drive, the member which needs positioning of the suspension which has the slider which has 
the magnetic head and the magnetic head, and a slider will be attached. 

[0054] A fixed part 14 is a portion which supports moving part 20a and 20b in sheet metal section 12a and 
12b list as mentioned above, for example, when using for positioning of the magnetic head of said hard disk 
drive, whole piezo-electricity / electrostriction device 10 are fixed to a fixed plate or a suspension attached in 
the carriage arm attached in VCM (voice coil motor), and this carriage arm by carrying out support 
immobilization of the fixed part 14. Moreover, the terminal 28 for driving piezo-electricity / electrostriction 
elements 18a and 18b and the member of 30 and others may be arranged at this fixed part 14. 
[0055] Although it is not limited as a material which constitutes a fixed part 14 in moving-part 20a and 20b list 
especially as long as it has rigidity, the ceramics which can apply the ceramic green sheet laminated layers 
method mentioned later can be used suitably. Although the material which uses zirconias including stabilized 
zirconia and partially stabilized zirconia, an alumina, a magnesia, silicon nitride, alumimium nitride, and 
titanium oxide as a principal component is specifically mentioned and also the material which used such 
mixture as the principal component is mentioned, the material with which a mechanical strength and 
toughness use a zirconia, especially stabilized zirconia as a principal component in a high point, and the 
material which uses partially stabilized zirconia as a principal component are desirable. 
[0056] The sheet metal sections 12a and 12b are portions driven with the displacement of piezo-electricity / 
electrostriction elements 18a and 18b, as mentioned above, telescopic motion of the piezo-electricity / 
electrostriction elements 18a and 18b which the sheet metal sections 12a and 12b are the members of the 
shape of sheet metal which has flexibility, and were arranged in the surface - displacement - crookedness - 
it amplifies as displacement and has the function transmitted to moving part 20a and 20b. Therefore, if the 
configuration and the quality of the material of the sheet metal sections 12a and 12b have flexibility and have 
the mechanical strength of the degree which is not damaged by flexion deformity, it is sufficient for them, and 
they can be suitably chosen in consideration of the responsibility of moving part 20a and 20b, and operability. 
[0057] As for the thickness Dd of the sheet metal sections 12a and 12b, it is desirable to be referred to as 2 
micrometers - about 100 micrometers, and it is [ the thickness which doubled the sheet metal sections 12a 
and 12b, and the piezo-electricity / electrostriction elements 18a and 18b ] desirable to be referred to as 7 
micrometers - 500 micrometers. As for the thickness of 0.1 micrometers - 50 micrometers, and the piezo- 
electricity / electrostriction layer 22, it is [ the thickness of electrodes 24 and 26 ] desirable to be referred to as 
3 micrometers - 300 micrometers. 
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[0058] By the ability using suitably the same ceramics as moving part 20a and 20b or a fixed part 14 as a 
material which constitutes the sheet metal sections 12a and 12b, even if a zirconia, the material which uses 
stabilized zirconia as a principal component especially, and the material which uses partially stabilized 
zirconia as a principal component are thin meat, it is most suitably used from that a mechanical strength is 
large, that toughness is high, and reactivity with piezo-electricity / electrostriction layer, or electrode material 
being small. 

[0059] That by which partial stabilization was carried out as follows in partially stabilized zirconia in the 
stabilization list at said stabilized zirconia list is desirable. That is, the stabilization of a zirconia made into the 
purpose is [ add / not only addition of one kind of compound but / yttrium oxide, ytterbium oxide, cerium oxide, 
a calcium oxide, and a magnesium oxide being in a stabilization list as a compound which carries out partial 
stabilization, and adding one of compounds / them / and making a zirconia contain at least, or / combining 
these compounds ] possible. 

[0060] In addition, as an addition of each compound, if it is in the case of yttrium oxide or ytterbium oxide 1- 
30-mol % ~ preferably, if it is in the case of 1 .5-10-mol % and cerium oxide 6-50-mol % - preferably, if it is in 
the case of 8-20-mol % and a calcium oxide, or a magnesium oxide Although it is desirable % and to 5-40-mol 
consider as 5-20-mol % preferably, also especially in it, it is desirable to use yttrium oxide as a stabilizing 
agent, and it is desirable % and to 1. 5-10-mol consider as 2-4-mol % still more preferably in that case. 
Moreover, although it is possible to add an alumina, a silica, a transition-metals oxide, etc. in 0.05 - 20wt% as 
additives, such as sintering acid, when adopting the baking unification by the film forming method as the 
formation technique of piezo-electricity / electrostriction elements 18a and 18b, it is also desirable to add an 
alumina, a magnesia, a transition-metals oxide, etc. as an additive. 

[0061] In addition, it is desirable to set preferably 0.05-3 micrometers of average crystal particle diameter of a 
zirconia to 0.05-1 micrometer so that a mechanical strength and the stable crystal phase may be obtained. 
Moreover, although the same ceramics as a fixed part 14 can be used for moving-part 20a and 20b list about 
the sheet metal sections 12a and 12b as mentioned above, constituting preferably using the same material 
substantially is advantageous when aiming at reduction of the reliability for a joint, the reinforcement of piezo- 
electricity / electrostriction device 10, and the complicatedness of manufacture. 

[0062] Although piezo-electricity / electrostriction elements 18a and 18b have the electrodes 24 and 26 of the 
pair for applying electric field to piezo-electricity / electrostriction layer 22, and this the piezo-electricity / 
electrostriction layer 22 at least and piezo-electricity / electrostriction elements, such as a uni-morph mold and 
a bimorph mold, can be used for them It excels in the stability of the amount of displacement to generate, and 
since it is advantageous to lightweight-izing, the direction of the uni-morph mold combined with the sheet 
metal sections 12a and 12b is suitable for such piezo-electricity / an electrostriction device 10. 
[0063] Said piezo-electricity / electrostriction elements 18a and 18b have the desirable direction formed in the 
side of the sheet metal sections 12a and 12b at the point that the sheet metal sections 12a and 12b can be 
made to drive more greatly, as shown in drawing 1 . 

[0064] Although electrostrictive ceramics is suitably used for piezo-electricity / electrostriction layer 22, it is 
also possible to use the electrostriction ceramics, the ferroelectric ceramics, or the antiferroelectric crystal 
ceramics. However, since linearity with the amount of displacement of moving part 20a and 20b, driver 
voltage, or output voltage is made important when using this piezo-electricity / electrostriction device 10 for 
positioning of the magnetic head of a hard disk drive etc., it is desirable to use the small material of distortion 
hysteresis, and it is desirable that a coercive electric field uses a material 10kV [/mm ] or less. 
[0065] The ceramics which is independent or contains lead zirconate, lead titanate, magnesium niobic acid 
lead, nickel niobic acid lead, zinc niobic acid lead, manganese niobic acid lead, antimony stannic-acid lead, a 
manganese lead wolframate, cobalt niobic acid lead, barium titanate, a titanic-acid sodium bismuth, niobic 
acid potassium sodium, a tantalic acid strontium bismuth, etc. as mixture as a concrete material is mentioned. 
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[0066] Especially, it has a high electromechanical coupling coefficient and a high piezoelectric constant, and 
reactivity with the sheet metal sections 12a and 12b at the time of sintering of piezo-electricity / electrostriction 
layer 22 (ceramics) is small, and the material which uses lead zirconate, lead titanate, and magnesium niobic 
acid lead as a principal component, or the material which uses a titanic acid sodium bismuth as a principal 
component is suitably use in the point that the thing of the stable presentation is obtain. 
[0067] Furthermore, the ceramics which is independent or mixed oxides, such as a lanthanum, calcium, 
strontium, molybdenum, a tungsten, barium, niobium, zinc, nickel, manganese, a cerium, cadmium, 
chromium, cobalt, antimony, iron, an yttrium, a tantalum, a lithium, a bismuth, and tin, etc. into said material 
may be used. 

[0068] For example, an advantage, like adjustment of a coercive electric field and a piezo-electric property is 
attained can be acquired by making the lead zirconate, lead titanate, and magnesium niobic acid lead which 
are a principal component contain a lanthanum and strontium. 

[0069] In addition, as for addition of materials which are easy to vitrify, such as a silica, avoiding is desirable. 
It is because materials, such as a silica, tend to react with piezo-electricity / electrostriction material at the 
time of heat treatment of piezo-electricity / electrostriction layer 22, the presentation is fluctuated and a piezo- 
electric property is degraded. 

[0070] On the other hand, the electrodes 24 and 26 of the pair of piezo-electricity / electrostriction elements 
18a and 18b Are a solid-state at a room temperature and it is desirable to consist of metals excellent in 
conductivity. For example, aluminum, titanium, chromium, iron, cobalt, nickel, copper, Zinc, niobium, 
molybdenum, a ruthenium, palladium, a rhodium, silver, Metal simple substances, such as tin, a tantalum, a 
tungsten, iridium, platinum, gold, and lead, or these alloys are used, and the cermet material which made 
these distribute further a material which is the same or is different from piezo-electricity / electrostriction layer 
22, or the sheet metal sections 12a and 12b may be used. 

[0071] It opts for the material selection of the electrodes 24 and 26 in piezo-electricity / electrostriction 
elements 18a and 18b depending on the formation method of piezo-electricity / electrostriction layer 22. For 
example, when forming piezo-electricity / electrostriction layer 22 by baking on one [ this ] electrode 24 after 
forming one electrode 24 on sheet metal section 12a and 12b Although it is necessary to use refractory 
metals, such as platinum which does not change in the burning temperature of piezo-electricity / 
electrostriction layer 22, palladium, a platinum-palladium alloy, and a silver-palladium alloy, for one electrode 
24 After forming piezo-electricity / electrostriction layer 22, since the electrode 26 of another side of the 
outermost layer formed on this piezo-electricity / electrostriction layer 22 can perform electrode formation at 
low temperature, low melting point metals, such as aluminum, gold, and silver, can be used for it as a 
principal component. 

[0072] Moreover, as for the thickness of electrodes 24 and 26, it is desirable to use materials, such as the 
organic metal paste with which a precise and thinner film is obtained after baking, for example, a golden 
resinate paste, a platinum resinate paste, and a silver resinate paste, for the electrode in which the factor 
which reduces the displacement of piezo-electricity / electrostriction elements 18a and 18b not a little is 
formed after baking of a sake, especially the piezo-electricity / electrostriction layer 22. 
[0073] It is good, although the above-mentioned example showed the case where thickness of moving part 
20a and 20b formed in a part for the point of the sheet metal sections 12a and 12b at one was made thicker 
than the thickness Dd of the sheet metal sections 12a and 12b, in addition even if almost the same as the 
thickness Dd of the sheet metal sections 12a and 12b in the thickness of moving part 20a and 20b. Thereby, 
when attaching goods in moving part 20a and 20b, it becomes possible to attach so that the goods of the 
magnitude equivalent to the distance between sheet metal section 12a and 12b may be put between moving- 
part 20a and 20b. In this case, the adhesives field (for example, adhesives 38) for attaching goods will 
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correspond to moving part 20a and 20b. 

[0074] And piezo-electricity / electrostriction device 10 can be used suitable for various sensors, such as an 
ultrasonic sensor, an acceleration sensor and an angular-velocity sensor, and an impact sensor, a mass 
sensor, and has the further advantage that sensitivity settling of a sensor can be performed easily, by 
adjusting suitably the size of the body attached between end faces 34a and 34b thru/or sheet metal section 
12a, and 12b. 

[0075] Next, it explains, referring to below drawing 4 about the case where end faces 34a and 34b are 
included as a mode desirable about the piezo-electricity / electrostriction device 10 applied to the 2nd - the 4th 
modification as a gestalt of desirable operation of this invention. Therefore, this invention is not cared about 
even if it is the operation gestalt which does not contain end faces 34a and 34b. 

[0076] First, although the piezo-electricity / electrostriction device 10a concerning the 2nd modification have 
the almost same configuration as the piezo-electricity / electrostriction device 10 explained until now as shown 
in drawing 4 , the configurations of the opening section and packing etc. differ in respect of the following. The 
opening sections 14a and 14b have structure with a stage, and the channel depth is deep, so that it is close to 
the sheet metal section. The stress concentration generated in a boundary line with the sheet metal section, 
moving part, and a fixed part can be distributed more effectively by this, the opening part where width of face 
is large can contribute to an impact absorption greatly, and stress concentration can be distributed efficiently. 
It is formed mostly continuously, especially covering [ of another side located in the inferior surface of tongue 
of the 1st layer / 26 ] it over each side of the sheet metal sections 12a and 12b, moving part 20a and 20b, and 
a fixed part 14, and further, it is detached in part in the side of a fixed part 14, and constitutes the slit 70. The 
meaning which formed this slit 70 does not make the actuator in the back end section 72 (portion from the 
back end side edge section of a slit 70 to the back end of a fixed part 14) of **:piezo-electricity / 
electrostriction elements 18a and 18b drive, ** : it is making a short circuit hard to produce at the edge of one 
terminal 28, and arranging an electrode material on the inferior surface of tongue of the piezo-electricity / 
electrostriction layer 22 in the back end section of **:piezo-electricity / electrostriction elements 18a and 18b. 
In addition, in the case which is not desirable on the contrary, forming a slit 70 does not necessarily need to 
form a slit 70, and it may omit it. Moreover, drawing 5 shows the configuration of packing with which the 
opening section is filled up, it fills up with packing till the middle of the opening section, and near opening is 
wide opened for drawing 5 (a). In addition, even if the cavernous section with which packing is not filled up 
into the pars basilaris ossis occipitalis of the opening section is formed, stress dispersion force has little effect. 
On the contrary, packing is arranged to an outside [ opening / of the opening section ], and when the adhesion 
force of packing is weak, drawing 5 (b) can enlarge adhesion area and can enlarge the whole adhesion force. 
By considering as R configuration, especially the external surface of packing raises fixable and can prevent 
the exfoliation from an edge. Drawin g 5 (c) changes the quality of the material of packing for each class which 
forms the opening section. It is desirable to consider as the combination which chooses suitably physical 
properties, such as an elastic modulus and porosity, the adhesion force to a component, etc. further, and 
discovers the effect of stress distribution. 

[0077] Next, the opening section of drawing 6 becomes the multistage story of infinity to the depth of the 
opening section being two steps by drawin g 4 , as for the piezo-electricity / electrostriction device 10b 
concerning the 3rd modification, and it is the structure of a slanting configuration. The stress concentration 
generated in a boundary line with the sheet metal section, moving part, and a fixed part can be distributed 
more effectively by this, the opening part where width of face is large can contribute to an impact absorption 
greatly, and stress concentration can be distributed efficiently. Moreover, drawing 7 shows the configuration of 
packing with which the opening section is filled up, it fills up with packing till the middle of the opening section, 
and near opening is wide opened for drawing 7 (a). In addition, even if the cavernous section with which 
packing is not filled up into the pars basilaris ossis occipitalis of the opening section is formed, stress 
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dispersion force has little effect. On the contrary, packing is arranged to an outside [ opening / of the opening 
section ], and when the adhesion force of packing is weak, drawing 7 (b) can enlarge adhesion area and can 
enlarge the whole adhesion force. By considering as R configuration, especially the external surface of 
packing raises fixable and can prevent the exfoliation from an edge. 

[0078] Furthermore, the piezo-electricity / electrostriction device 10c concerning the 4th modification are 
arranged by thickness with almost uniform packing at the sheet metal section, moving part, and the opening 
section between fixed parts, as shown in drawing 8 . As for such packing, it is desirable to form in to really 
form the sheet metal section, moving part, and a fixed part with a ceramic and coincidence, and it is desirable 
that they are a refractory metal or a refractory metal, and the mixture of a ceramic. 

[0079] Next, the manufacture method of piezo-electricity / electrostriction device 10 is explained, referring to 
drawing 9 - drawing 12 . Piezo-electricity / electrostriction device 1 0 uses the component of each part material 
as the ceramics. As a component of piezo-electricity / electrostriction device 10 The base 12a and 16 12b 
except piezo-electricity / electrostriction elements 18a and 18b, i.e., the sheet metal sections, It is desirable to 
use and manufacture a ceramic green sheet laminated layers method about moving part 20a and 20b in fixed 
part 14 list, and, on the other hand, it makes the start piezo-electricity / electrostriction elements 18a and 18b. 
About each terminals 28 and 30, it is desirable to manufacture using the film formation technique, such as a 
thin film and a thick film. 

[0080] According to the ceramic green sheet laminated layers method which can fabricate each part material 
in the base 16 of piezo-electricity / electrostriction device 10 in one, since the change of state of the joint of 
each part material with time hardly arises, the reliability like a joint is a high and method advantageous to rigid 
reservation. 

[0081] since [ moreover, ] the manufacture method shown below is excellent in productivity or a moldability — 
the piezo-electricity / electrostriction device 10 of a predetermined configuration - a short time - and it can 
obtain with sufficient repeatability. 

[0082] The 1st manufacture method of of the piezo-electricity / electrostriction device 10 concretely applied to 
the gestalt of this operation is explained. Here, the definition is carried out. The layered product obtained by 
carrying out the laminating of the ceramic green sheet is defined as the ceramic green layered product 58 (for 
example, refer to drawing 10 ). What calcinated this ceramic green layered product 58, and was unified is 
defined as the ceramic layered product 60 (for example, refer to drawing 1 1 ). The thing which excises an 
unnecessary portion from this ceramic layered product 60 and by which the fixed part 14 was united with 
moving part 20a and 20b, sheet metal section 12a, and 12b list is defined as the ceramic base 16 (refer to 
drawing 12 ). 

[0083] Moreover, in this manufacture method, it is the gestalt which has arranged two or more piezo- 
electricity / electrostriction devices 10 in the lengthwise direction and the longitudinal direction in the same 
substrate, respectively, and, finally the ceramic layered product 60 is cut per chip, and although many piezo- 
electricity / electrostriction devices 10 are taken and are carried out at the same production process, in order 
to simplify explanation, it explains by making one - piece picking of piezo-electricity / electrostriction device 10 
into a subject. 

[0084] First, addition mixing of a binder, a solvent, a dispersant, the plasticizer, etc. is carried out at ceramic 
powder, such as a zirconia, a slurry is produced, and the ceramic green sheet which has predetermined 
thickness for this by methods, such as the reverse roll coater method and a doctor blade method, after 
degassing processing is produced. 

[0085] Next, by methods using metal mold, such as blanking and laser beam machining, a ceramic green 
sheet is processed into the various configurations and thickness like drawing 9 , and the ceramic green sheet 
for base formation of two or more sheets is obtained. 

[0086] These ceramic green sheets 50A-50D, 51 A, and 51 B, 52A and 52B The ceramic green sheets 50A- 
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50D of two or more sheets (for example, four sheets) with which the window part 54 for forming space 
between sheet metal section 12a and 12b at least was formed, The ceramic green sheets 102A-102G of two 
or more sheets (for example, seven sheets) with which continuation formation of the window part 100 for 
forming the window part 54 for forming space between sheet metal section 12a and 12b and the moving part 
20a and 20b which has the end faces 34a and 34b which counter mutually was carried out, Window part 100a 
used as the opening sections 14a and 14b prepares the ceramic green sheets 51 A and 51 B of two or more 
sheets (for example, two sheets) by which continuation formation was carried out, and the ceramic green 
sheets 52A and 52B of two or more sheets (for example, two sheets) which serve as the sheet metal sections 
12a and 12b behind. 

[0087] Then, as are shown in drawing 10 , and 102A-102G are put between the ceramic green sheets 50A- 
50D and ceramic green sheet 51 A - 51 B list with the ceramic green sheets 52A and 52B, the laminating and 
sticking by pressure of 102A-102G are done, and it considers as the ceramic green layered product 58 at 
these ceramic green sheets 50A-50D, 51 A, 51 B and 52A, and 52B list In this laminating, the ceramic green 
sheets 102A-102G are located in the center, and carry out a laminating. Since the part which does not require 
a pressure at the time of sticking by pressure occurs by existence of window part 100,100a at this time, a 
laminating, the sequence of sticking by pressure, etc. are changed and it is necessary to make it such a part 
not generated. Then, the ceramic green layered product 58 is calcinated and the ceramic layered product 60 
(refer to drawing 1 1 ) is obtained. 

[0088] In addition, the count of sticking by pressure or sequence for laminating unification are not limited. It 
can be decided suitably that desired structure is acquired by the configuration of a window part 54, the 
number of sheets of a ceramic green sheet, etc., corresponding to structure. 

[0089] Not all the configurations of a window part 54 need to be the same, and can be determined according 
to a desired function. Moreover, the number of sheets of a ceramic green sheet and especially the thickness 
of each ceramic green sheet are not limited, either. 

[0090] Sticking by pressure can raise laminating nature more by applying heat. Moreover, the laminating 
nature of a ceramic green sheet interface can be raised by applying and printing a paste, a slurry, etc. which 
made the subject ceramic powder (desirable in respect of the same as that of the ceramics used for the 
ceramic green sheet, or the reliability reservation by it being a similar presentation), and a binder on a ceramic 
green sheet, and considering as a cementation auxiliary layer. In addition, it is desirable to deal with it using 
the polyethylene terephthalate film with which the ceramic green sheets 52A and 52B coated the surface with 
the release agent of a silicone system also in plastic film when thin. 

[0091] Next, as shown in drawing 11 , piezo-electricity / electrostriction elements 18a and 18b are formed in 
both the surfaces of said ceramic layered product 60, i.e., the surface on which the ceramic green sheets 52A 
and 52B are equivalent to the surface by which the laminating was carried out, respectively. As a method of 
forming piezo-electricity / electrostriction elements 18a and 18b, the thin film forming methods, such as the 
thick-film forming methods, such as screen printing, a dipping method, the applying method, and an 
electrophoresis method, the ion beam method and the sputtering method, vacuum deposition, the ion plating 
method, a chemical-vapor-deposition method (CVD), and plating, can be used. 

[0092] Integration can be made easy, while being able to join and arrange piezo-electricity / electrostriction 
elements 18a and 18b, and the sheet metal sections 12a and 12b in one and being able to secure reliability 
and repeatability, without using adhesives by forming piezo-electricity / electrostriction elements 18a and 18b 
using such a film forming method. 

[0093] In this case, it is desirable to form piezo-electricity / electrostriction elements 18a and 18b by the thick- 
film forming method. It is because good piezo-electricity / electrostriction property can be acquired by being 
able to film-ize the particle of 0.05-3-micrometer electrostrictive ceramics, and powder the mean particle 
diameter of 0.01-5 micrometers using the paste used as a principal component, a slurry or a suspension, an 
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emulsion, a sol, etc. preferably, and calcinating it if the thick-film forming method is especially used in 
formation of piezo-electricity / electrostriction layer 22. 

[0094] In addition, an electrophoresis method has the advantage that it is high density and a film can be 
formed in a high configuration precision. Moreover, since film formation and pattern formation are made as for 
screen printing to coincidence, it is advantageous to simplification of a manufacturing process. 
[0095] Concretely, formation of piezo-electricity / electrostriction elements 18a and 18b is explained. First, the 
ceramic green layered product 58 is calcinated at the temperature of 1200 degrees C - 1600 degrees C. After 
unifying and obtaining the ceramic layered product 60, one [ of the sheet metal sections 12a and 12b ] 1st 
electrode 24 is printed and calcinated in the predetermined location of both the surfaces of this ceramic 
layered product 60. Subsequently Print and calcinate piezo-electricity / electrostriction layer 22, and one 
[ said ] 1st electrode 24 and the electrode 26 of another side which makes a pair are printed further. It 
calcinates, and these are repeated the number of predetermined times (when piezo-electricity / electrostriction 
elements 18a and 18b consist of multilayer piezo-electricity / electrostriction layer 22), and piezo-electricity / 
electrostriction elements 18a and 18b are formed. Then, the terminals 28 and 30 for connecting each 
electrodes 24 and 26 to a drive circuit electrically are printed and calcinated. 

[0096] Moreover, one [ of the lowest layer] 1st electrode 24 is printed and calcinated, piezo-electricity / 
electrostriction layer 22, one 1st electrode 24, and the electrode 26 of the 1st another side which makes a pair 
are printed and calcinated, only the count of predetermined may repeat printing and baking in this unit, and 
piezo-electricity / electrostriction elements 18a and 18b may be formed. 

[0097] here - as one electrode 24 - as platinum (Pt) piezo-electricity / electrostriction layer 22 - as P2T 
(PZT) and the electrode 26 of another side - gold (Au) - further - as terminals 28 and 30 - silver (Ag) - as - 
If a material is selected so that the burning temperature of each part material may become low according to 
the order of a laminating, in a certain baking phase, resintering of the material calcinated from it before does 
not happen, but generating of the fault of exfoliation and condensation of electrode material etc. can be 
avoided. 

[0098] In addition, by choosing a suitable material, each part material and terminals 28 and 30 of piezo- 
electricity / electrostriction elements 18a and 18b are printed serially, really calcinating at once is also 
possible, and after forming the piezo-electricity / electrostriction layer 22 of the outermost layer, the electrode 
26 grade of the outermost layer can also be prepared at low temperature. 

[0099] Moreover, each part material and terminals 28 and 30 of piezo-electricity / electrostriction elements 
18a and 18b may be formed by the thin film forming methods, such as a spatter and vacuum deposition, and 
do not necessarily need heat treatment in this case. 

[0100] In formation of piezo-electricity / electrostriction elements 18a and 18b, piezo-electricity / 
electrostriction elements 18a and 18b are beforehand formed in both the surfaces of the ceramic green 
layered product 58, i.e., each surface of the ceramic green sheets 52A and 52B, and calcinating this ceramic 
green layered product 58, and the piezo-electricity / electrostriction elements 18a and 18b to coincidence is 
also performed preferably. If in charge of coincidence baking, it may be made to calcinate to all the 
configuration films of the ceramic green layered product 58, and the piezo-electricity / electrostriction 
elements 18a and 18b, and coincidence baking of one electrode 24 and ceramic green layered product 58 is 
carried out, or the method of carrying out coincidence baking of other configuration films and ceramic green 
layered products 58 except the electrode 26 of another side etc. is mentioned. 

[0101] As a method of carrying out coincidence baking of piezo-electricity / electrostriction elements 18a and 
18b, and the ceramic green layered product 58 The precursor of piezo-electricity / electrostriction layer 22 is 
fabricated by the tape-forming method using a slurry raw material etc. The laminating of the precursor of the 
piezo-electricity / electrostriction layer 22 before this baking is carried out by thermocompression bonding etc. 
on the surface of the ceramic green layered product 58, and the method of calcinating to coincidence and 
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producing moving part 20a and 20b, the sheet metal sections 12a and 12b, the piezo-electricity / 
electrostriction layer 22, and a fixed part 14 to coincidence is mentioned. However, it is necessary to form an 
electrode 24 in the surface of the ceramic green layered product 58, and/or the piezo-electricity / 
electrostriction layer 22 beforehand by this method using the film forming method mentioned above. 
[0102] As the other methods, the electrodes 24 and 26, and the piezo-electricity / electrostriction layer 22 
which is each configuration layer of piezo-electricity / electrostriction elements 18a and 18b is formed in the 
portion of the ceramic green layered product 58 which finally serves as the sheet metal sections 12a and 12b 
at least by screen-stencil, and calcinating to coincidence is mentioned. 

[0103] Although the burning temperature of the configuration film of piezo-electricity / electrostriction elements 
18a and 18b is suitably determined by the material which constitutes this, generally, it is 500 degrees C - 
1500 degrees C, and is 1000 degrees C - 1400 degrees C preferably to piezo-electricity / electrostriction layer 
22. In this case, in order to control the presentation of piezo-electricity / electrostriction layer 22, it is desirable 
to sinter under existence of the evaporation source of the material of piezo-electricity / electrostriction layer 
22. In addition, to carry out coincidence baking of piezo-electricity / electrostriction layer 22, and the ceramic 
green layered product 58, it is required to double both baking conditions, that by which piezo-electricity / 
electrostriction elements 18a and 18b are not necessarily formed in both sides of the ceramic layered product 
60 or the ceramic green layered product 58 - it is not - one side - it is easy to be natural. 
[0104] Next, the flank and point of the ceramic layered product 60 are excised by cutting along with cutting 
plane lines C1, C2, and C5 among the ceramic layered products 60 in which piezo-electricity / electrostriction 
elements 18a and 18b were formed. By this excision, as shown in drawing 12 , the piezo-electricity / 
electrostriction device 10 with which piezo-electricity / electrostriction elements 18a and 18b were formed in 
the ceramic base 16, and the moving part 20a and 20b which has the end faces 34a and 34b which counter 
mutually was formed are obtained. After cutting the timing of cutting along with cutting plane lines C1 and C2, 
it may be cut along with a cutting plane line C5, and after cutting along with a cutting plane line C5, it may be 
cut along with cutting plane lines C1 and C2. Of course, it may be made to perform these cutting to 
coincidence. Moreover, you may make it also cut suitably the end face of a cutting plane line C5 and the fixed 
part 14 which counters in the case of controlling the overall length of piezo-electricity / electrostriction device 
to a precision etc. 

[0105] In this manufacture method, at the same time it excised the unnecessary portion from the ceramic 
layered product 60 Since the piezo-electricity / electrostriction device 10 with which piezo-electricity / 
electrostriction elements 18a and 18b were formed in the ceramic base 16, and the moving part 20a and 20b 
which has the end faces 34a and 34b which counter mutually was formed can be obtained, While being able 
to attain simplification of a manufacturing process, the yield of piezo-electricity / electrostriction device 10 can 
be raised. In this case, it is desirable, especially in case two or more piezo-electricity / electrostriction devices 
10 are arranged in a lengthwise direction and a longitudinal direction, respectively, and a large number are 
taken and it carries out at the same production process into the same substrate. As the method of excision, it 
is possible to apply laser beam machining and electron beam machining of dicing processing, wire saw 
processing, etc., such as an YAG laser besides machining and excimer laser. 

[0106] Moreover, it will be processed into logging of the ceramic base 16 combining these processing 
methods. For example, as for cutting plane lines C1 and C2 (refer to drawing 11 ), it is desirable to consider 
as wire saw processing and to consider the end face of the fixed part 14 which intersects perpendicularly with 
cutting plane lines C1 and C2, and moving part 20a and 20b as dicing processing. 

[0107] By the way, it sets to the manufacture method of of above-mentioned piezo-electricity / electrostriction 
device 10. Since he is trying to really form piezo-electricity / electrostriction elements 18a and 18b on sheet 
metal section 12a and 12b by baking, In the contraction of piezo-electricity / electrostriction layer 22 and the 
electrodes 24 and 26 of a pair which are produced at the time of baking, and piezo-electricity / electrostriction 
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layer 22 list, by the difference in coefficient of thermal expansion with the sheet metal sections 12a and 12b 
etc. In sheet metal section 12a and 12b list, for example, piezo-electricity / electrostriction elements 18a and 
18b It displaces slightly so that it may become a convex toward a pore 42, and it will be in the condition that 
distortion arose geometrically, and will become easy to generate internal residual stress in piezo-electricity / 
electrostriction elements 18a and 18b (especially piezo-electricity / electrostriction layer 22), or the sheet 
metal sections 12a and 12b. 

[0108] Generating of the internal residual stress in these sheet metal sections 12a and 12b, or the piezo- 
electricity / electrostriction layer 22 is produced also when really which was mentioned above sticking the 
piezo-electricity / electrostriction elements 18a and 18b of another object on the sheet metal sections 12a and 
12b besides baking with adhesives. That is, in case adhesives are fixed or hardened, internal residual stress 
will occur by hardening contraction of adhesives etc. in the sheet metal sections 12a and 12b, or the piezo- 
electricity / electrostriction layer 22. Furthermore, when heating is required, internal residual stress becomes 
the immobilization or hardening with a big thing. 

[0109] If piezo-electricity / electrostriction device 10 is used in this condition, even if it gives predetermined 
electric field to piezo-electricity / electrostriction layer 22, desired displacement may not be shown in moving 
part 20a and 20b. This is because the material property of piezo-electricity / electrostriction layer 22 and 
displacement actuation of moving part 20a and 20b are checked by the internal residual stress generated in 
said sheet metal sections 12a and 12b, or the piezo-electricity / electrostriction layer 22. 
[0110] Then, he is trying to excise the circumference of moving part 20a and 20b by this manufacture method 
after piezo-electricity / electrostriction element 18a, and 18b formation. Although the end faces 34a and 34b 
which counter mutually are formed in moving part 20a and 20b of this excision, with the internal residual 
stress generated in the sheet metal sections 12a and 12b, or the piezo-electricity / electrostriction layer 22, it 
moves in the direction in which these end faces 34a and 34b approach mutually, and the width of face of each 
end faces 34a and 34b after migration turns into the 2nd short predetermined width of face W2 from said 
predetermined width of face W1. If it explains in full detail more, if the 2nd predetermined width of face W2 is 
strictly parallel, there will be nothing and the direction of a tip will become shorter. 
[0111] Migration of these end faces 34a and 34b is followed on release of the internal residual stress 
generated in the sheet metal sections 12a and 12b, or the piezo-electricity / electrostriction layer 22. Where 
internal residual stress is released, when piezo-electricity / electrostriction device 10 is used, moving part 20a 
and 20b will show the displacement actuation as layout mostly, and will show a good device property. This 
effect will excise a part of portion used as a fixed part 14, and the internal residual stress which is the same 
when the end faces 34a and 34b which counter a fixed part 14 mutually are formed, and had been generated 
in this case in the sheet metal sections 12a and 12b, or the piezo-electricity / electrostriction layer 22 will be 
released by migration of the end faces 34a and 34b which were formed in the fixed part 14 and which counter 
mutually. In addition, about the end faces 34a and 34b which counter, the same effect is not necessarily 
acquired not only a part for the core of moving part 20a and 20b or a fixed part 14 but by forming the portion 
which swerved from the center. 

[0112] It is desirable to heat-treat at 300 degrees C - 800 degrees C after excision in excision shown in 
drawing 1 1 . This is because said defect can be removed and reliability improves by said heat treatment, 
although it is easy to produce defects, such as a micro crack, in piezo-electricity / electrostriction device 10 by 
processing. Furthermore, it is desirable to leave it at the temperature of about 80 degrees C after said heat 
treatment for about at least 10 hours, and to perform aging processing. It is because the stress of the carrier 
beam versatility in a manufacture process etc. can be eased further and it contributes to improvement in a 
property by this aging processing. 
[0113] 

[Effect of the Invention] According to this invention concerning claim 1 , at least as explained above Said sheet 
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metal section and moving part Or when the opening section which has arranged packing exists between said 
sheet metal sections and fixed parts Even if the sheet metal section starts big displacement by the big 
external impact, the stress produced near the boundary line which the sheet metal section, moving part or the 
sheet metal section, and a fixed part joined is distributed by the opening section. Conventionally, the failure 
generated by stress concentration was able to be lost, effect of the basic property on piezo-electricity / 
electrostriction device was able to be made small, and the shock resistance of the sheet metal section was 
able to be raised. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 ] It is the perspective diagram of piezo-electricity / electrostriction device. 
[Drawing 2] It is explanatory drawing showing actuation of piezo-electricity / electrostriction device. 
[Drawing 3] It is explanatory drawing showing other configurations of packing with which the opening section 
is filled up. 

[ Drawing 4 ] It is the perspective diagram of piezo-electricity / electrostriction device which has other opening 
sections. 

[ Drawing 5 ] It is explanatory drawing showing other configurations of packing shown in drawin g 4 . 
[Drawing 6] It is the perspective diagram of piezo-electricity / electrostriction device which has other opening 
sections. 

[ Drawing 7] It is explanatory drawing showing other configurations of packing shown in drawin g 6 . 
[ Drawing 8] It is the perspective diagram of piezo-electricity / electrostriction device which has other opening 
sections. 

[Drawing 9] It is explanatory drawing of each green sheet which carries out a laminating. 

[Drawing 101 It is explanatory drawing which carried out the laminating of the green sheet of drawing 9 . 

[ Drawing 11 ] It is explanatory drawing in which forming a piezo-electric layer in and showing **** before 

excision. 

[ Drawing 12] It is explanatory drawing of the piezo-electricity / electrostriction device after excision. 
[Description of Notations] 

10 .. piezo-electricity / electrostriction device, and 11 and 11a .., 11b, .., 12, and 12a - 12b [ .. Base, ] .. The 
sheet metal section, 14 .. A fixed part, 14a, 14b The opening section, 16 18a, 18b Piezo-electricity/ 
electrostriction element, 19a, 19b .. Piezo-electricity / electrostriction layer, 20a, 20b .. Moving part, 20c, 20d 
The opening section, 22 .. Piezo-electricity / electrostriction layer, 24 26 .. 28 An electrode, 30 .. A terminal, 
34a, 34b .. Clamp face, 36 An opening, 37 .. A spacing member, 38/and adhesives, 40 .. A part for a 
substantial mechanical component, 42 [ .. A ceramic green layered product 60 / .. A ceramic layered product, 
C1, C2, C5 / .. Cutting plane line. ] .. A pore, 50A-50G, 51A, 51B, 52A, 52B, 102A-102G .. A ceramic green 
sheet, 54,100,100a .. A window part, 58 



[Translation done.] 
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